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(57) Abstract: The invention relates to a method for the manufacture of a smart label. In the method, the smart label is provided 
with at least one oscillating circuit comprising at least one coil (2) and at least one capacitor (C). Further in the method, at least one 
tuning element (5a-5f) is formed in the oscillating circuit, for tuning of the oscillating circuit The tuning of the oscillating circuit is 
performed, if necessary, by deactivating one or more of said tuning elements (5a-5f)- 


WO 02/37414 


PCT/F101/00911 


15 


20 


25 


30 


35 


A method for the manufacture of a smart label, and a smart label 

The present invention relates to a method for the manufacture of a 
smart label according to the preamble of the appended claim 1 as well 
as a smart label according to the preamble of the appended claim 6. 

In this description, a smart label refers particularly to an electronic cir- 
cu.t wh,ch is formed in an adhesive laminate or another self-adhesive 
matenal and to which the required operating voltage is supplied bv 
means of a resonance circuit formed in the smart label. Furthermore 
such a smart label comprises an integrated circuit, such as an RF-ID 
circuit or the like, containing e.g. a memory. 

in one prior art system, energy is transferred to the smart label by 
Z electromagnetic field having a frequency of about 
13.56 MHz. Thus, the smart label is provided with a resonance circuit 
preferably a serial resonance circuit, which is tuned exactly to said fre- 
quency In such a situation, the relatively high operating voltage 
required by the electronic circuit of the smart label can also be induced 
from a relatively long distance. Typically, with such an arrangement it 
is poss,ble to achieve reading distances of even one metre, if the reso- 
nance circuit is tuned to the right frequency. Such an arrangement is 
usee \ e.g . ,n various identification applications (RF-ID, Radio Frequency 
Identification tag), in which at least identification data is stored on an 
.ntegrated circuit placed on a smart label. Such a smart label can be 
used ,n connection with products, wherein product information can be 
read at a distance by means of the smart label. Furthermore, several 
passage control systems apply the RF-ID technology for identification 
of persons and for checking rights of passage. 

As the RF-ID technology is based on the use of a radio-frequency 
etectromagnetic field, the use of this technique is limited in severe" 

Z^w * r° US ^ re9U,ati0nS - Typlca,, y- the fre W band 
allocated for the use of the RF-ID system is limited in such a way that 

the bandwidth is about ± 2,5 % on both sides of the medium frequency 

For ^example, with said medium frequency of 13.56 MHz, this means 

that the frequency range applied in the system is approximately from 
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13.22 to 13.90 MHz. As a high Q value (typically 60 to 100) and 
thereby high frequency selectivity is required of the oscillation circuits 
of the smart label, the control of the frequency of the oscillating circuit 
is one of the most important criteria in the quality assurance of the 
5 smart label and in the maximization of the process yields. 

The manufacture of the coil for the oscillating circuit of the smart label 
involves several factors which cause deviations. In particular, stray 
capacitances cause significant deviations in the resonance frequency 
10 of the oscillation circuit in ready smart labels. It has been found in 
practice that the greatest deviation is due to the conductor (link) con- 
necting the coil terminals, and particularly variations in the thickness of 
the medium used as a dielectric between the conductor and the coil. 
Typically, the deviation is in the order of 1 to 2 pF, which may, in prac- 
tice, mean a frequency variation of even about 0.4 MHz. The capacitor 
of the oscillating circuit is normally integrated in the integrated circuit 
contained in the smart label. Typically, the production tolerance of 
capacitors is in the order of ± 5 %, which means, as a frequency shift, a 
frequency deviation of even about 0.5 MHz. Thus, the above-men- 
tioned frequency deviations easily cause a frequency deviation of 0.5 
to 0.7 MHz. In some cases, the frequency deviation can be in the order 
of even one megahertz. This means that it is not possible to achieve a 
sufficiently good reading distance with all the smart labels made in 
smart label manufacturing processes, because the tuning circuits of the 
25 smart labels are off the desired frequency. This also induces imaginary 
components in the impendance of the oscillating circuit. 

Another problem with smart labels of prior art relates to the fact that the 
oscillating circuits of smart labels are inductance-weighted. Thus, the 

30 oscillating circuits tend to be off-tuned, if they come to the direct vicinity 
of a suitable medium. An example of such an application is a smart 
label integrated on a book cover or a product package. As a result of 
the off-tuning, different types of coils must be used for different appli- 
cations, wherein the process of manufacturing products becomes more 

35 complicated in view of quality assurance and production control 
thereby increasing the costs of the product in which the price is a 
crucial factor. 
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A smart label is known in which a tuning capacitor is added in the 
osc.llat.ng circuit. Such a smart label comprises a substrate made of 
polyethylene, an aluminium layer being provided on its both sides The 

^fof S r f SUbStratS iS in the ° rder 0f 50 » m > and ^ thick- 
ness of the alum.n.um layers is about 30 m . The tuning capacitor thus 

cons.sts of two aluminium layers, a polyethylene layer being provided 

as a d.electnc layer therebetween. Such a smart label is tuned by first 

measunng the operating frequency of the oscillating circuit and then 

cuttmg off a certain part of the tuning capacitor with a laser. Thus the 

capacrtance of the tuning capacitor is changed, which changes the 

s" Tat Z q Z7 01 ^ ° SCi " at, ' n9 *"* ° ne Pr0b,em in this "Won 
* that the th,ckness vanation of the polyethylene layer can be several 

Z ^T S ' < ° aUSeS th3t the ° hange in the ca ^^e of the 
tag capactor ,s not necessarily the same at different points of the 

tag capacitor, although a part of equal size were cut off. It is thus 

drfftcult to estimate the size of the part to be cut off beforehand 

sa^mir*^" 9 ^ CUttin9 St6pS mUSt be re P eated ' * ^es- 
sary, unt,l the osc.llating frequency desired for the oscillating circuit is 

acheved at a sufficient precision. Furthermore, as the tuning is per 
formed by cutting off a substantially rectangular piece with a fixed size 
he operat,on ,s slow, the allowed tolerances of the smart label web in ' 
he mach.ne and transverse directions are relatively small, and the 
tag dev.ce is expensive. Due to the above-mentioned disadvan- 
tages' the use of such a tuning method is expensive and slow, particu- 
larly ,n such manufacturing processes, in which the smart label web 16 
compnses several smart labels in the width direction. 

It is an aim of the present invention to eliminate the above-mentioned 
drawbacks to a major extent and to provide a method for ^mTu 
facture of a smart label, in which the effects of the production toTer- 

? r ,nated ' n 3 S, ' 9n[ffCant,y 6aSier ^ m metTds 

a smartlh TT™* " * W *« ° f the present invention * P™ide 
a smart label, whose oscillating circuit can be tuned to the correct fre- 
quency after the manufacture more easj|y than . n smart 

fnlln 1 " ^ ° n the idea that the os ^ting circuit to be 
formed on the smart label is provided with capacitive and/or induce 
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tuning means for implementing the tuning. More precisely, the method 
according to the present invention is primarily characterized in what will 
be presented in the characterizing part of the appended claim 1. The 
smart label according to the present invention is primarily characterized 
in what will be presented in the characterizing part of the appended 
claim 6. 

By means of the present invention, considerable advantages are 
achieved when compared with methods and smart labels of prior art 
The tuning of the smart label of the invention after the manufacture is 
easy and fast, wherein the effect of production tolerances on the oscil- 
lating frequency can be eliminated at the tuning stage. Thus, the reli- 
ability of the smart labels becomes better and faster than 'in smart 
labels of prior art. Furthermore, the yield of the process of manufacture 
of a smart label can be improved, because variations in production tol- 
erances can be eliminated, and the need for tuning and the change 
caused by the tuning can be determined relatively precisely on the 
basis of measurements. Thus, also the manufacturing costs of smart 
labels in large series become smaller than when using methods of prior 
20 art. 

In the following, the invention will be described in more detail with 
reference to the appended drawings, in which 

25 Fig. 1a shows a top view of a smart label according to a preferred 
embodiment of the invention, 


15 


30 


Fig. 1b shows the cross-section of a smart label of Fig. 1a at point 
• A— A in a reduced view, 

Fig. 2 shows, in a reduced cross-section, a tuning device, by 
which a smart label according to an advantageous embodi- 
ment of the invention can be tuned, 

35 Fig. 3 shows a top view of a smart label according to another 
advantageous embodiment of the invention, and 
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Fig. 4 shows the electric equivalent coupling in a smart label 
according to an advantageous embodiment of the invention. 

In the following, a smart label 1 according to a first advantageous 
embodiment of the invention will be described with reference to Figs 
1a and 1b as well as the electric equivalent coupling of Fig 4 In the 
manufacture of the smart label 1 according to the invention, it is possi- 
ble to use manufacturing methods known as such. The smart label is 
formed on a suitable dielectric substrate 6, whose at least one surface 
is provided with one or more electroconductive layers. This electro- 
conductn/e layer is provided with a desired circuitry pattern e.g. to form 
a coil 2 as well as to couple an integrated circuit 3 to the coil conduc- 
tors. Furthermore, the ready smart label contains an adhesive surface 
and a film protecting the same. Smart labels can be made by mass 
production, wherein it is possible to manufacture a smart label web 
having the width of one or more labels simultaneously, the smart labels 
being arranged one after another. 

The smart label 1 comprises a coil 2 which is preferably formed as a 
wire loop wound at least around the edge areas of the smart label 1 for 
example by printing an electroconductive printing ink onto the surface 
of the substrate 6. The smart label 1 is also provided with an integrated 
circuit 3 which is e.g. an integrated circuit intended for so-called RF-ID 
applications, comprising for example a memory and at least one 
capacitor C. The terminals of the coil 2 are connected by conductors 
4a, 4b to the integrated circuit. In the integrated circuit, said capacitor C 
is preferably coupled in series at the pin of one conductor of the inte- 
grated circuit 3 with the rest of the electronics E contained in the inte- 
grated circuit. Thus, this conductor is coupled with either of the con- 
ductors 4a, 4b of the coil 2 and, in a corresponding manner, the second 
conductor of the integrated circuit is coupled with the other of the con- 
ductors 4a, 4b of the coil 2. Consequently, a serial resonance circuit is 
formed, comprising the coil 2 and the capacitor C included in the inte- 
grated circuits. Furthermore, the integrated circuits is provided with 
means U, by which electromagnetic energy supplied via the serial 
resonance circuit can be transformed to a suitable operating volt- 
age Vcc for the electronics E of the integrated circuit 
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The smart label 1 of Fig. 1 is further provided with four tuning elements 
5a-5d which, in this embodiment, are capacitive tuning elements ie 
capacitors. It is obvious that the number of tuning elements is' not 
restricted to four but it may vary in the different applications. Within the 
scope of the present invention, at least one tuning element is made for 
the smart label. 

The tuning elements 5a-5d are coupled preferably in parallel, wherein 
the total tuning capacitance is the sum of the capacitances of the single 
tuning elements 5a-5d. The tuning elements 5a-5d, coupled in paral- 
lel, are connected to the coil 2, wherein the oscillating circuit consists of 
a coil 2, a capacitor in the integrated circuit 3, as well as the tuning 
elements 5a-5d. Figure 4 also shows the electrical equivalent coupling 
for such a tuning circuit. 

The tuning elements 5a-5d are preferably made at the same process 
stage and of the same materials as the conductor 4a connecting the 
terminals of the coil 2. The lower electrode is of for example aluminium 
or copper, the medium is preferably of a silk-printable dielectric mate- 
nal, and the upper electrode is preferably of silver paste or a combina- 
tion of silver paste and electrolytically deposited copper. Thus, no other 
costs are induced in the manufacture of the tuning elements than the 
matenal costs, which constitute a very small part of the total costs The 
steps of manufacture of the electrical components for a smart label 
according to the invention are taken for example in the following way A 
conductive layer to form the coil 2 is made on the substrate by printing 
evaporating or by another known method. In this connection, it is also 
possible to manufacture the first electrode 8 for the capacitors to be 
used as the tuning elements 5a-5d, as well as the conductors 9 con- 
necting the first electrodes to the coil 2. Next, a dielectric 7 is made for 
the purpose of isolating the conductor 4a from the other turns of wind- 
ing .n the coil 2. Also, a dielectric layer 10 for the tuning elements 
5a-5d is preferably made at this stage. The conductors 4a and 4b are 
formed at the next stage. The purpose of the conductor 4a is to con- 
nect the first terminal 2a of the coil 2 to one pin of the integrated cir- 
cuit 3. In a corresponding manner, the purpose of the conductor 4b is 
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to connect the second terminal 2b of the coil 2 to another pin of the 
integrated circuit 3. After this, it is possible to make a second elec- 
trode 1 1 for the tuning elements as well as conductors 12 for connect- 
ing.the second electrodes to the coil 2. 

5 

The tuning of the smart label 1 according to the invention can be per- 
formed for example in the following way. After the integrated circuit 3 
has been attached to the smart label 1, the frequency of the oscillating 
circuit is measured and the need for tuning is determined. The tuning is 
10 performed by deactivating a necessary number of tuning elements 
5a-5d. If, for example, the capacitance of the tuning elements is about 
1 PF, a change of about 0 to 4 pF can be made in the total capaci- 
tance, depending on the number of tuning elements deactivated. The 
deactivation is performed for example mechanically, as shown in a 
15 reduced cross-section in Fig. 2. A, tuning tool 13 comprises a ram 
head 14 and a counterpiece 15. The smart label web 16 consisting of 
smart labels is led between the ram head 14 of the tuning tool 13 and 
the counterpiece 15. The smart label web 16 is preferably positioned 
optically by means of cameras, wherein the position of each smart 
20 label in relation to the tuning tool 13 is detected. At the stage when a 
tuning element to be deactivated is placed against the tuning tool, the 
movement of the smart label web 16 can be stopped, if necessary,' and 
a hole is punched by the ram head 14 at the electrodes 8, 11 of the 
tuning element or at either of the electrode conductors 9, 12, wherein 
the deactivated tuning element wijl no longer substantially affect the 
oscillating frequency of the oscillating circuit. 


25 


One or more tuning tools 13 can be provided, depending on the appli- 
cation. When one tuning tool is used, it must be possible to move it at 
30 least in a direction substantially transverse to the direction of move- 
ment of the smart label web 16 (in the width direction), if there are sev- 
eral smart labels next to each other in the smart label web. If several 
tuning tools are used, several tuning elements can be deactivated 
simultaneously, if necessary. If a mechanical tuning tool is used, the 
waste from the punching can be removed for example by negative 
pressure or by suction. 


35 
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The tuning elements are preferably placed on the smart label In such a 
way that they are in one or several rows seen In the direction of move- 
men of the smart label web 16. For example in the smart label of 
Fig. 1a, four tuning elements are placed in two rows. By this arranoe- 
ment ft is possible to reduce the need for moving the tuning tool in the 
width dimction of the smart label web. If the number of tuning tools in 
the width of the smart label web 1 6 is the same as the number 

of tun,ng elements rows in this direction, the tuning tools do not need to 
be moved in the width direction to perform the tuning. 

The tuning tool used can also be. another tool suitable to breaking for 
example a laser which is used to bum off the conductor or tuning ele- 
ment. If lasers are used, it is possible to use one or more lasers which 
can be .nstalled stationary, wherein preferably as many lasers are used 
as there are tuning element rows to be tuned, or it is possible to use 
movable lasers, wherein the laser beam is focused on the deactivation 
point of the tuning element to be deactivated at the time. If stationary 
fcnmg , tools are used, the smart label web 16 is focused and stopped 
each time so that a tuning tool is placed against the tuning element to 
be deactivated. If a stationary tuning tool is used, the mechanical 

TZT on 1 the device t0 be used for tunin 9 - b * «*2 

pterand the working rate higher than when movable tuning heads are 

l^TrT 9 ™ ^ be US6d iS 3 S °- Ca,,ed Pton 
lie! \2 \l h ^ ^ be P ' aCed f ° r 6Xamp,e above the -"art 
^ri Z ' 6,n 3 '° Wer t001 18 undem ^th the web, or viae 
versa. When a cutting platen press is used, the waste formed by 
punching ,s sucked by negative pressure preferably to the side of the 
press. 


35 


K the s Ik screen pnntmg method is used for forming the dielectric layer 

Z^l ! men ' S ' teyer ,hfckness 0311 be det e™med more 

precisely than when a substrate dielectric is used. In this case, also the 

prec,s,on of the tuning elements is improved, which also improves the 
tuning accuracy. 
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Figure 3 shows a smart label complying with another advantageous 
embodiment of the invention. In this embodiment, the tuning elements 
are inductive tuning elements 5e, 5f. The tuning can thus be performed 
by cutting the conductor of one or more tuning elements 5e, 5f, wherein 
the inductance of the coil 2 is changed. In this embodiment, one 
advantage is that the cutting of the wire loop can be performed at sub- 
stantially any point of the loop, wherein the cutting accuracy is not very 
significant. The cutting can be performed by tools corresponding to the 
tuning tools 13 used in the case of capacitors. By affecting the coil 
inductance, the frequency shift in practical smart labels is always the 
same, at the precision of a few percent, because the reproducibility of 
the line is good in the processes of manufacture of the coil. 


10 


In capacitive tuning, it is even possible to achieve a control range of 
15 about 1 to 1.5 MHz, if the nominal values of the capacitors are set to 
for example 0.5, 1 , 2 and 3 pF. It is obvious that the tuning elements do 
not need to be identical with each other, but tuning elements with dif- 
ferent tuning values can be used, wherein a different effect on the 
resonance frequency can be achieved with different tuning elements. 

It is obvious that the present invention is not limited solely to the above- 
presented embodiments, but it can be modified within the scope of the 
appended claims. 
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Claims: 

1. A method for the manufacture of a smart label, which smart label is 
provided with at least one oscillating circuit comprising at least one coil 
(2) and at least one capacitor (C), in which method the oscillating cir- 
cuit is provided with at least one tuning element (5a-5f) for tuning the 
oscillating circuit, characterized in that the oscillating circuit is tuned 
if necessary, by deactivating one or more of said tuning elements (5a- 
5f). 

2. The method according to claim 1, in which a target resonance fre- 
quency is determined for the oscillating circuit and an allowable devia- 
tion from the target resonance frequency is determined for the reso- 
nance frequency, characterized in that the tuning of the oscillating 
circuit comprises at least the following steps: 

- measuring the resonance frequency of the oscillating circuit, 

- comparing the measured resonance frequency with said' target 
resonance frequency, 

- if the deviation of the resonance frequency from the target reso- 
nance frequency exceeds the allowed deviation, determining the 
need to change the resonance frequency of the oscillating circuit 

- to implement the need to change, determining at least one deacti- 
vatable tuning element, and 

- deactivating at least one tuning element as determined in the pre- 
<=5 ceding step. 

3. The method according to claim 1 or 2, characterized in that at 
least one tuning element is a capacitive tuning element. 

4. The method according to claim 1, 2 or 3, characterized in that at 
least one tuning element is an inductive tuning element. 


15 
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5. The method according to any of the claims 1 to 4, characterized in 
that the smart label is provided with at least one integrated circuit (3). 

6. A smart label (1) which is provided with at least one oscillating circuit 
comprising at least one coil (2), at least one capacitor (C), and at least 
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one tuning element (5a-5f) for tuning the oscillating circuit, character- 
ized in that the oscillating circuit is arranged to be tuned, if necessary, 
by deactivating one or more of said tuning elements (5a-5f). 

5 7. A smart label (1) according to claim 6, characterized in that the 
tuning elements (5a-5f) are connected to a coil (2) by means of at least 
one conductor (9, 12), and that the deactivation is arranged to be per- 
formed by disconnecting at least one conductor (9, 12) which connects 
the tuning element (5a-5f) to be deactivated to the coil. 

0 

8. The smart label (1) according to claim 6 or 7, characterized in that 
at least one tuning element (5a-5f) is a capacitive tuning element (5a- 
5d). 

5 9. The smart label (1) according to claim 6, 7 or 8, characterized in 
that at least one tuning element (5a-5f) is an inductive tuning element 
(5e,5f). 

10. The smart label (1) according to any of the claims 6 to 9, charac- 
) terized in that the smart label comprises at least one integrated circuit 
(3). 


11. The smart label (1) according to claim 10, characterized in that 
said capacitor (C) is placed in said integrated circuit (3). 



FIG. 1a 



FIG. 1b 
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